Background
==========

The incidence rate of hypertension is rising constantly around the world, and the patients tend to be younger with the improvement of people's living standard and change in daily dietary structure \[[@b1-medscimonit-25-7808],[@b2-medscimonit-25-7808]\]. Although current drug therapies can significantly control hypertension, they still have certain adverse effects on patients, such as increased heart rate, abnormal lipid metabolism, and impaired renal function \[[@b3-medscimonit-25-7808],[@b4-medscimonit-25-7808]\]. The incidence of arrhythmia is significantly increased in hypertensive patients, seriously influencing their quality of life \[[@b5-medscimonit-25-7808]\]. The circadian rhythm of blood pressure of the hypertensive patients can be reflected by 24-hour ambulatory blood pressure monitoring \[[@b6-medscimonit-25-7808]\]. A study has proven that the circadian rhythm of blood pressure is closely associated with arrhythmia and target organ damage, and this finding has been accepted by the medical community \[[@b7-medscimonit-25-7808]\]. In the present study, we assessed the circadian rhythm of blood pressure of hypertensive patients and analyzed its correlations with the incidence of complications and prognosis, hoping to provide a basis for patient care.

Material and Methods
====================

General data
------------

A total of 198 patients admitted and treated in our hospital from May 2018 to April 2019 were enrolled in this research. Inclusion criteria were: (1) diagnosed with hypertension \[[@b8-medscimonit-25-7808]\], (2) clear consciousness and be able to communicate normally, and (3) signed the informed consent. Exclusion criteria were: (1) congenital diseases or malignant tumors and (2) secondary hypertension. The circadian rhythm of blood pressure of the patients was observed and divided into \[[@b9-medscimonit-25-7808]\] (1) dipper type -- nighttime blood pressure decrease rate is 10--20%, (2) non-dipper type -- nighttime blood pressure decrease rate is \<10%, (3) reverse-dipper type -- nighttime blood pressure decrease rate is a negative value, and (4) extreme-dipper type -- nighttime blood pressure decrease rate is \>20% according to the nighttime blood pressure decrease rate=(daytime blood pressure -- nighttime blood pressure)/daytime blood pressure×100%, in which the non-dipper type have normal circadian rhythm of blood pressure and the others have circadian rhythm disorder of blood pressure. The patients were divided into a normal circadian rhythm group (normal circadian rhythm of blood pressure, n=132) and a circadian rhythm disorder group (circadian rhythm disorder of blood pressure, n=66) according to the circadian rhythm of blood pressure (*P*\>0.05) ([Table 1](#t1-medscimonit-25-7808){ref-type="table"}). This study was approved by the Ethics Committee of the Third Xiangya Hospital of Central South University. Signed written informed consents were obtained from all participants before the study began.

Measurement of blood pressure
-----------------------------

A non-invasive portable ambulatory blood pressure monitor was utilized to record the 24-h ambulatory blood pressure of the 2 groups of patients. The patients were guided to bind the cuff to the left upper arm, and the frequency of measurement was set as follows: once every 60 min in the daytime (from 8: 00 a.m. to 8: 00 p.m.) and once every 120 min at night (from 8: 01 p.m. to 7: 59 a.m.). Patients were instructed to keep the left arm relaxed during the monitoring, they could have normal physiological activities but should avoid strenuous exercises, and they needed to keep calm emotions instead of greatly fluctuated emotions. Any discomfort was recorded in a timely manner. Relevant parameters and indexes to be recorded included: 24-h mean systolic blood pressure (24 h-mSBP), daytime mSBP (d-SBP), nighttime mSBP (n-SBP), 24-h mean diastolic blood pressure (24 h-mDBP), daytime mSBP (d-DBP), nighttime mDBP (n-DBP), 24-h mean pulse pressure (24 h-PP), daytime PP (d-PP), and nighttime PP (n-PP).

Examination of target organ damage
----------------------------------

With the patient in left lateral decubitus position, echocardiography was performed using ACUSON SC2000 ultrasonic diagnostic equipment (Siemens, Germany), during which left ventricular end-diastolic diameter (LVEDD), interventricular septum thickness (IVST), and end-diastolic left ventricular posterior wall thickness (LVPWT) were measured. The left ventricular mass (LVM) was calculated as: LVM=1.04×\[(LVEDD+IVST+LVPWT)^3^--LVEDD^3^\]--14. Body surface area (BSA)=0.0061×body height+0.0128×body weight--0.1529. Finally, the LVM index (LVMI) was calculated as: LVMI=LVM/BSA \[[@b10-medscimonit-25-7808]\]. The patients were subjected to 24-h cardiac rhythm monitoring through a synchronous 12-lead dynamic electrocardiogram system, and the incidence of arrhythmia was observed. The patients were instructed to lie in supine position with the head turned to the contralateral side to expose the carotid artery. Then, ultrasonography for the carotid intima was performed using a G60 color Doppler ultrasonic apparatus (Siemens, Germany), and the carotid intima-media thickness (IMT) was measured 3 times to calculate the mean value. Venous blood (5 mL) was drawn to assess the serum creatinine (SCr) level via a fully-automatic biochemistry analyzer and to calculate the creatinine clearance rate: creatinine clearance rate=(140--age)×body weight/72×SCr. For women, creatinine clearance rate=calculation×0.85 \[[@b11-medscimonit-25-7808]\].

Statistical analysis
--------------------

Statistical Product and Service Solutions (SPSS) 19.0 (SPSS, Inc., Chicago, IL, USA) software was utilized to process the data. We performed *t* tests to compare the measurement data between groups, and we used the chi-square (χ^2^) test for analysis of enumeration data. *P*\<0.05 was considered to be statistically significant.

Results
=======

General clinical data
---------------------

There were no significant differences in general data between the 2 groups (P\>0.05), as shown in [Table 1](#t1-medscimonit-25-7808){ref-type="table"}.

DBP measured in the observation group and normal circadian rhythm group
-----------------------------------------------------------------------

In circadian rhythm disorder group, d-DBP was remarkably higher than in the normal circadian rhythm group, while n-DBP was notably lower than in the normal circadian rhythm group (*P*\<0.0001) ([Table 2](#t2-medscimonit-25-7808){ref-type="table"}).

SBP measured in the 2 groups of patients
----------------------------------------

The circadian rhythm disorder group had significantly higher d-SBP and significantly lower n-SBP compared with the normal circadian rhythm group (*P*\<0.0001) ([Table 2](#t2-medscimonit-25-7808){ref-type="table"}).

PP measured in the 2 groups of patients
---------------------------------------

The d-PP was significantly higher and n-PP was significantly lower in the circadian rhythm disorder group than in the normal circadian rhythm group (*P*\<0.0001) ([Table 2](#t2-medscimonit-25-7808){ref-type="table"}).

Incidence rate of arrhythmia in the 2 groups of patients
--------------------------------------------------------

Compared to the normal circadian rhythm group, the circadian rhythm disorder group had significantly higher incidence rates of multiple types of arrhythmia, including atrial arrhythmia (atrial premature beats, atrial tachycardia, atrial flutter, atrial fibrillation), ventricular arrhythmia (premature ventricular contraction, ventricular tachycardia, ventricular flutter, ventricular fibrillation), atrioventricular block (degree I, II, III), and bundle branch block (complete left bundle branch block, complete right bundle branch block, left anterior hemiblock, left posterior hemiblock) (*P*\<0.0001) ([Table 3](#t3-medscimonit-25-7808){ref-type="table"}).

Degree of target organ damage in the 2 groups of patients
---------------------------------------------------------

Compared to the normal circadian rhythm group, the circadian rhythm disorder group had significantly lower LVMI and creatinine clearance rates and significantly higher IMT (*P*\<0.0001) ([Table 3](#t3-medscimonit-25-7808){ref-type="table"}).

Target organ damage in the 2 groups of patients
-----------------------------------------------

The prevalence rates of heart disease, cerebrovascular disease, and nephropathy were significantly higher in the circadian rhythm disorder group than in the normal circadian rhythm group (*P*\<0.0001) ([Table 3](#t3-medscimonit-25-7808){ref-type="table"}).

Discussion
==========

Hypertension, the most common cardiovascular syndrome encountered in clinical practice, can be classified into essential hypertension and secondary hypertension \[[@b12-medscimonit-25-7808]\]. The morbidity rate of hypertension can be up to 20% or higher in some countries \[[@b13-medscimonit-25-7808]\]. The onset of the disease involves many factors, including diet, infection, psychological pressure, medicine, and social factors, which lead to changes in the cardiac and vascular function and structure of the patients, seriously affecting the patient's quality of life \[[@b14-medscimonit-25-7808],[@b15-medscimonit-25-7808]\]. As 24-h ambulatory blood pressure monitoring is widely applied clinically, it has become an important focus of research on circadian rhythm disorder of blood pressure in hypertensive patients.

Sympathetic nervous activity in the human body is the weakest at night when the muscles are relaxed sufficiently, and peripheral vascular resistance is also minimized, and during this period blood pressure is a good indicator of the degree of disease \[[@b16-medscimonit-25-7808]\]. The results of the present research showed that the circadian rhythm disorder group had remarkably higher d-SBP, d-DBP, and d-PP but lower n-SBP, n-DBP, and n-PP than in the normal circadian rhythm group, which may be related to the strengthened stress-sensitivity of sympathetic nervous system activity and decreased function of vagus nerve in patients with circadian rhythm disorder of blood pressure, suggesting that such patients have severe hypertension.

A study demonstrated that circadian rhythm disorder of blood pressure can serve as a predictor of cardiovascular risk and is positively correlated with the incidence of arrhythmia \[[@b17-medscimonit-25-7808]\]. We found that the incidence rates of arrhythmia, including atrial arrhythmia, ventricular arrhythmia, atrioventricular block, and bundle branch block, were prominently higher in the circadian rhythm disorder group than in the normal circadian rhythm group (*p*\<0.05). The reason for this is that receptors in the human body are maintained at a low threshold in normal resting state, during which persistent impulses are transmitted to the center, thus maintaining normal blood pressure. In patients with circadian rhythm disorder of blood pressure, the blood pressure is elevated for a short time, which can stimulate the receptors to stay in a high threshold state and generate excitement. Therefore, the impulses are increased, baroreflex is enhanced, and more adverse effects are produced on the vascular center, resulting in nighttime hemodynamic change, increased left ventricle load, decreased cardiac function, and altered myocardial stress, excitability, automaticity, and conductivity, thereby increasing susceptibility to various types of arrhythmia and the incidence of ventricular arrhythmia \[[@b18-medscimonit-25-7808]\]. In the process of cardiac remodeling, circadian rhythm disorder of blood pressure induces left ventricular hypertrophy and left atrial enlargement, thus damaging the atrial vagus nerve, enhancing atrial automaticity, and triggering more atrial arrhythmia.

Clinically, circadian rhythm of blood pressure is commonly regarded as an indicator for the assessment of target organ damage. The occurrence of the circadian rhythm disorder of blood pressure suggests target organ damage \[[@b19-medscimonit-25-7808],[@b20-medscimonit-25-7808]\]. We found that the circadian rhythm disorder group had clearly higher prevalence rates of heart disease, cerebrovascular disease, and nephropathy compared with the normal circadian rhythm group. Moreover, the circadian rhythm disorder group had evidently lower LVMI and creatinine clearance rate but obviously greater IMT than in the normal circadian rhythm group (*P*\<0.05). This is because the sympathetic nerves of people with circadian rhythm disorder of blood pressure are excessively excited and the levels of norepinephrine, plasminogen activator, and C-reactive protein are increased, thus damaging the target organs. Circadian rhythm disorder of blood pressure imposes a high load on the heart, during which cardiac remodeling and myocardial sclerosis are accelerated, easily causing left ventricular hypertrophy. In addition, the renin-angiotensin-aldosterone system is excessively activated, in which aldosterone leads to cardiac interstitial hyperplasia, and angiotensin II directly stimulates the cardiomyocytes, ultimately causing cardiac hypertrophy and increasing the incidence rate of heart disease. The carotid artery is the window of the medium-sized arteries in the whole body, and in the case of circadian rhythm disorder of blood pressure, vascular injury is exacerbated, thereby thickening the carotid intima-media. In addition, more C-reactive proteins will speed up the carotid atherosclerosis, which is prone to inducing cerebrovascular disease. When circadian rhythm disorder of blood pressure occurs, the glomerular basement membrane is thickened and perfusion is increased, causing impairment of renal tissues.

Conclusions
===========

Circadian rhythm disorder of blood pressure is closely correlated with arrhythmia and target organ damage in hypertensive patients. Therefore, close attention should be paid to the circadian rhythm of blood pressure in these patients, and disordered circadian rhythm needs to be corrected in time during the treatment of hypertension so as to guarantee good prognosis.
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###### 

General data of research subjects.

  Item                      Normal circadian rhythm group (n=66)   Circadian rhythm disorder group (n=132)   *P*
  ------------------------- -------------------------------------- ----------------------------------------- -------
  Age (years old)           40--78                                 40--75                                    
  Gender (Male/Female)      36/30                                  73/59                                     0.771
  Average age (years old)   58.8±7.4                               58.4±7.8                                  0.724
  BMI(kg/m^2^)              22.6±1.5                               22.6±1.2                                  0.406
  Smoking \[n (%)\]         16 (24.2)                              33 (25.0)                                 0.953
  Drinking \[n (%)\]        24 (36.4)                              49 (37.1)                                 0.958

BMI -- body mass index.

###### 

Comparison of DBP, SBP and PP measured between the two groups of patients (mmHg).

              Normal circadian rhythm group   Circadian rhythm disorder group   *P*
  ----------- ------------------------------- --------------------------------- ----------
  24 h-mDBP   88.4±3.2                        88.9±3.7                          0.821
  d-DBP       91.6±3.2                        97.2±3.3                          \<0.0001
  n-DBP       86.3±3.5                        80.5±3.2                          \<0.0001
  24 h-mSBP   151.7±5.2                       151.5±5.2                         0.826
  d-SBP       144.4±5.5                       159.8±4.6                         \<0.0001
  n-SBP       149.5±5.5                       143.1±5.4                         \<0.0001
  24 h-PP     68.7±3.6                        68.9±3.7                          0.624
  d-PP        71.4±3.6                        77.7±3.8                          \<0.0001
  n-PP        66.6±3.4                        60.3±3.5                          \<0.0001

DBP -- diastolic blood pressure; SBP -- systolic blood pressure; PP -- pulse pressure.

###### 

Comparison of arrhythmia and degree of target organ damage in the two groups of patients.

                              Normal circadian rhythm group   Circadian rhythm disorder group   *P*
  --------------------------- ------------------------------- --------------------------------- ----------
  Atrial arrhythmia           17 (12.9)                       38 (57.6)                         \<0.0001
  Ventricular arrhythmia      9 (6.8)                         21 (31.8)                         \<0.0001
  Atrioventricular block      6 (4.6)                         19 (28.8)                         \<0.0001
  Bundle branch block         5 (3.8)                         18 (27.3)                         \<0.0001
  LVMI (g/m2)                 90.6±3.8                        83.6±3.6                          \<0.0001
  IMT (mm)                    0.8±0.4                         1.2±0.6                           \<0.0001
  Creatinine clearance rate   86.1±3.6                        70.7±3.6                          \<0.0001
  Heart disease               19 (14.4)                       40 (60.6)                         \<0.0001
  Cerebrovascular disease     8 (6.1)                         16 (24.2)                         0.0001
  Nephropathy                 4 (3.0)                         13 (19.7)                         \<0.0001

LVMI -- left ventricular mass index; IMT -- carotid intima-media thickness.
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